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REFORMATS ASSISTED COMBUSTION 

The present invention relates generally to the 
production of gas, particularly gas that can be used as a 
fuel or as one component of a fuel or in combination with 
a fuel, m particular, the present invention relates to a 
method and apparatus for producing hydrogen or a hydrogen- 
containing gas together with other components, typioally 
gaseous components, for use as a fuel, fuel component or 
in combination with a fuel in an engine. More 
particularly, the present invention relates to a method 
and apparatus of more efficiently producing a hydrogen- 
containing gas for use as a fuel or fuel additive, or in 
combination with a fuel for an engine, such as for 
example, as part of the air supply for an engine, 
particularly a combustion engine, such as a compression 
engxne, including a diesel engine or similar. Even more 
particularly, the present invention relates to the use of 
a hydrogen generator, such as for example, a reformer for 
producing a reformat© gas from heated steam or from 
heating fuels and air or other gases with steam, in whioh 
the reformate gas contains materials other than hydrogen, 
such as for example, oxygen, nitrogen, water vapour, 
carbon monoxide, carbon dioxide, carbon- containing 
materials or gases or the like, for use in combination 
with axr as an additive to fuel for use in a compression 
engxne, particularly an engine using hydrogen-assisted 
combustion, such as a diesel engine. 

The present invention finds particular application as 
a method and apparatus for producing a hydrogen- containing 
gaseous blend and a method of using the gaseous blend as a 
fuel component which is added to the air stream being 
introduced into a diesel engine for hydrogen-assisted 
combustion or reformate assisted combustion to promote 
35 more efficient combustion. The method and apparatus of 

the present invention allows hydrogen-containing gas to be 
Produced more efficiently at lower cost, and when used as 
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a fuel allowB the problems associated with hydrogen- 
assisted combustion, such as for example, damaging pre- 
ignxtxon or excessive cylinder pressures to be avoided, by 
bexng able to use a gas which contains other materials in 

TA V hYdr0ffea ' thereby ^e previously 

used expensive purification processes that were required 
to remove almost all of non-bydrogen gas components from 
the material being produced by the hydrogen generator, 
before xt could be used in applications such as for 
example exhaust catalytic treatments, fuel cells or 
similar. 

refer^T* ""J*""* will be described with 

reference to one form of a hydrogen reformer, producing a 
reformate gas containing hydrogen together with other 
gaseous components and the use of this gas as a fuel 
component in diesel engines, it is to be noted that the 
present invention is not restricted to the described 
embodiment, but rather, the scope of the present invention 
is more extensive so as to include other means of 
producing hydrogen, the production of gases containing 
hydrogen other than the reformate gas, the use of varLs 
gaseous mxxtures or blends in applications other than 
engines, and different embodiments of combining the fuel 

25 ZZITT 'T"^ ^ «~ various gaseous 

25 combinations into engines. 

It is known to use hydrogen as a fuel additive in 
some types of engines, most notably internal combustion 
engxnes or similar engines, such as diesels, as part of 

,n I « SyStem aad/ ° r 8UPPly S * ste »' ™* of 

30 hydrogen is termed hydrogen-assisted combustion. However, 

conduc"!T " th ° Ugh ° nly ninimal ti 3a tions have been 

conducted regarding the various aspects of hydrogen- 
assisted combustion in compression ignition engines, such 

35 L^LT Z' diSSel eaglaeS " a ^ lifce « 
" ^ 18 that ***** — * n-*er of serious problems 

associated with hydrogen-assisted combustion, it was 
thought that if hydrogen gas could be added to the fuel 

Hi \rrbouxJco\jCeop\Specl\HAC Cochnolooi™ » m 

«wologleo - Roformace Agisted Combustion.doc 26/06/03 



20 



- 4 - 



15 



system and/or air supply system of dlesel engines, the 
presence of the hydrogen as part of the overall fuel 
composition would increase the power and efficiency of 
such engines by increasing the efficiency of combustion of 
5 the fuel in such engines, such as for example, by having 
increased burning efficiency to produce greater power or 
the like. However, introducing hydrogen as a significant 
component into the fuel composition resulted in damaging 
pre-ignition and the development of excessive cylinder 
10 pressure. 

Up until now, no one had .thought of using a hydrogen 
gas blend or mixture and particularly no one had thought 
of using high volume reformers to produce hydrogen for 
introduction into the engine without purification because 
reformers of this type were developed in fuel cell 
technology and were not connected to inlets or other fuel, 
air or the like inlets in order to reduce fuel 
consumption. Their primary use was to use the impure form 
of the gases to preheat engines and treat exhausts, but 
not to use them with air, and certainly not to use it with 
hydrogen-assisted combustion. 

Surprisingly, it has now been discovered that at 
least some compression engines are able to use a gas which 
is less pure in hydrogen content that results in increased 
25 combustion efficiency and increased power being developed 
by the engine. Also, in some cases, the exhaust emissions 
have improved as well. Therefore, rather than removing 
the contaminating or impure components from the hydrogen 
produced by the hydrogen generator at high cost as 
30 previously required, the present inventors have been able 
to use hydrogen combined with other components from the 
hydrogen generator as an additive to the fuel supply of 
diesel engines without any observable reduction in 
efficiency of operation or power generation within the 
35 engine. 

Another problem of existing hydrogen-assisted 
combustion techniques is that various other components 
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were required to be added to the hydrogen in order to 

:~» he Pr0b1 "" ° £ option 
be^LT alB ° the " ° the ' <=«™«nenta needed to 

be added separately to the engine in order to oontrol 

preoieely the „«untB of each individnaz component. Thus 
a separate feed or supply line tn ,k. . ' 

. _ ^. "PPJ.y line to the engine was needed 

for each of the various continent., suoh .„ £ „ 
separate supply lines or feed lines for s^stantially lure 
hydrogen TOt .r. elr ^ fuel were retired. Bet „ /™ 
controlling the introduction of predeters^ed anounts oT 
IZ±Z T" aC " B °°° nt ° eePhistioeted »o=itori=g 

ensur!^'/r° rB ' * and the llfce to 

ensure that the oorreet amounts end ratios of all of the 
components „ e „ Produced into the engine, and that ^ 
components were ede^ately „i*ed together in the correct 
proportions before actual combustion within the engiT 
Thus there waa e degree of comity associated „itn" 

Zl iStSa -echni^. ^ 

TJTlt' rr rdlnaly ' the " iB » ~ed to reduce the 
complexity of introducing separate material, in separate 
feed lines, end combining the -eternal, in the cornet 
ratios and in the r-*-.*-*^*. correct 
sets out L °°=**<* manner. The present invention 

sets out to provxde a method and apparatus for having a 
single feed of a hydrogen gas, blend or fixture reguLLa 
a single feed line or input only. reguirxng 

Therefore, it is an aim «.*. 

of the Present invention to 
prov.de a method and apparatus for generating a hydroget 
containxng gas in combination with other materials ali a 
method and apparatus for using the h y drogen-containing gas 
as a fuel component in compression engines without thl 
need to remove other unwanted components from the hydrogen 
Z ±tS - ^ *~1. Purther, it is ZZlZ 

aim of the present invention to provide a method and 
apparatus that provides the correct amount and ratio of 
components in the gaseous blend or mixture by ^nsllZ 
the operating conditions of the h™*™- justing 
V1 . or cae androgen gas mixture or 

blend generator. 

H i Vd»urlw\Kocp\Spoci Utte technology. - a . fom ,, , 
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According to one aspect of the present invention, 
there xs provided a method of using a hydrogen-containing 

a COnP ° aeat ° f a fUe1 ' * — additive or 
an additxve to air for mixing with a fuel in a compression 

engine, in which the hydrogen-containing gas also™": 

IncL fr ° m ^ hydr ° 96n ^-tion process, 

21 T* StSPS ° f hydrogen-containing 

IncLe " m±X ' lntr ° dUCing the »~ to a compression 
engine as one component of the fuel, and combusting the 
fuel to produce power in the engine, wherein the relative 

selected xn accordance with the requirements of hydrogen! 
assisted combustion of the engine. "Yarogen 

According to another aspect of the present invention 
there xs provided an apparatus for producing a hydrogen! 
contaxning gas blend or mix, including the steps of 
producing hydrogen in combination with other materials 
wherein the hydrogen-containing gas blend or mix deludes 
hydrogen and the other materials in which the relative 
amounts of the hydrogen and other materials are in 
Predetermined amounts with respect to each other in 
accordance with the requirements of hydrogen-assisted 
combustion of the engine. 

According to another aspect of the present invention 
there is provided a method of operating a hydrogen 
generatxng apparatus to produce a hydrogen-containing gas 
blend or mixture comprising hydrogen and at least one 
other component suitable for use as a fuel, a fuel 
component, an additive or similar, including the steps of 
ad,ustxng operating parameters of the hydrogen generating 
apparatus to provide a preselected composition of the gat 
blend or mxxture in which the respective amounts of the 
hydrogen and other component or components are in 

lZZ dan ZiT h reqUirementS ° f which the gas 

blend or mixture is provided or supplied in order to 

facxlxtate hydrogen-assisted combustion of the engine 
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thereby increasing the efficiency and/or performance of 
the engine. 

According to another aspect of the present invention, 
there is provided a fuel for hydrogen-assisted combustion 
xn an engine comprising hydrogen in combination with one 
or more other materials in which the relative amounts of 
the hydrogen to the other material or materials is 
selected in accordance with the requirements of the 
engine . 

According to another aspect of the present invention, 
there is provided a hydrogen-containing gas blend or mix 
containing one or more components in which the relative 
amounts of the hydrogen to the other component or 
components is in accordance with the requirements for 
hydrogen-assisted combustion within an engine. 

Typically, the hydrogen generator useful in the 
present invention generates hydrogen in combination with • 
other materials. Typically, the hydrogen generator is an 
electrolysis apparatus, a fuel cell, a reformer, a cold 
fusion apparatus or the like, including any apparatus for 
makxng hydrogen. Preferably, the hydrogen generator is a 
reformer in which steam is used to heat a fuel as it 
passes over a catalyst. The fuel and steam are cracked. 
The reformers generally reform a hydrocarbon fuel to 
hydrogen gas with the aid of steam. -Typically, the 
hydrogen is produced along with oxygen, nitrogen, water, 
ethanol, carbon dioxide, carbon monoxide, hydrocarbons 
such as methanol, methane or the like. 

Typically, the hydrocarbon material is a paraffin or 
paraffin-like hydrocarbon-containing saturated bonds 
More typically, the hydrocarbon is selected from C a -C 20 
preferably from C a -C X3 , more preferably c«-C 10 , and most' 
preferably c 8 , including mixtures and combinations of one 
or more such materials. 

Typically, the methanol, methane or the like i s a 
byproduct from the fuel used in the reformer to produce 
hydrogen, such as for example, being derived from the 
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original reformer-based fuel, such as diesel, petrol, 
canola oil or the like. 

Typically, the gaseous blend or mixture produced by 
the hydrogen generator contains from 0-50% by volume of 
hydrogen, preferably 30-40% by volume, and preferably 35- 
38% by volume hydrogen. Typically, there is from 0-25% by 
volume of carbon monoxide, preferably 3-5% by volume, and 
preferably 4-5% by volume carbon monoxide. Even more 
typically, the amount of hydrocarbon material is from 0-5% 
by volume, typically 1-4% by volume, and preferably 2-3% 
by volume. Typically, the amount of carbon dioxide 
produced is from 0-25% by volume, preferably 5-15% by 
volume, and preferably 3-10% by volume. it is to be noted 
that the balance of any gaseous blend or mixture is made 
up of nitrogen. 

Another aspect of the present invention is the 
ability to predetermine the ratio of individual components 
in the gaseous blend or mixture being produced by the 
hydrogen generator. Depending upon the requirements of 
the engine, the hydrogen generator can be operated at 
selectively adjustable parameters in order to provide the 
optimal amounts and ratio of the various components of the 
gaseous blend or mixture to achieve maximum efficiencies 
of the operation of the engine, depending upon a number of 
factors of the engine. 

Typical parameters of the materials being fed to the 
engine are the gas flows or gas velocities of the various 
components and the overall composition of the mixture of 
components, the temperature at which the hydrogen 
generator is operated, the pressure at which the hydrogen 
generator is operated, the velocity of gas being passed 
through, produced by or formed in the generator, the 
catalyst being used in the generator, the amount of 
exposure of the reactants to the catalyst or the like. 

It is to be noted that the operating conditions of 
the hydrogen generator are adjustable so that the 
production of certain components can be minimised or 

»=x*~« ««vc M px 8 p B c tWc CKtaolooloo . BteM „ Matolea conDuotlon <loc Ig/08/oJ 
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prevented by operating the system within set amounts 
However, it is to be noted also that the production of 
other components can be optimised. 

Typical operating conditions of the reformer which 
5 catalytxcally decomposes or cracks heated steam to produce 
hydrogen and oxygen include the following. The reformer 
can be operated at a temperature of from 10O°c-l, 000°c, 
typically from 200<»C-900°C, preferably from 220°C-800<>C 

10 is fromTs 1 ^' T J"""" °* of «- -former 

abouH bar. ' M *** ™* •* 

50 0 0 rTt Cally ' rSfOImer ^ Pr ° dUCe ^°Ut 1,000- 

50,000 litre per hour. Typical catalysts include 
Platxnum, nickel or any other suitable catalyst for 
15 catalysing the reforming of hydrogen from heated steam. 

The present invention will now be described by way of 
example with reference to the accompanying drawing^ in 

20 ble n / igUr r 1 ±S " SChSmatlc °* «• *orm of the gas 

20 blend supply system of the present invention, 

aa8 J 19 *** 2 " a sch ^tic view of another form of the 
gas blend supply system of the present invention 

- in Figure 1 is shown schematically one form of a gas 
. supply system in accordance with the present invention 
25 generally denoted as 2. This form includes a hydrogen 
generator, for producing hydrogen-containing gas. One 
ZET. " ~ * «— — « -r 



" ! Sf0rmate **** -ntains hydrogen as one 
30 ZtZ^ «- former 10, which is 

open «Id " a fUGl Pr0CeSS0 ^ the form of an 

Z ls lt „ thr ° U9h WhiCh * ««— of heated steam 

12 is passed. The metal from which the grid can be made 

meta/maT" ^ " ~ ^ " 1 

metal may be coated with a coating of a suitable 

materia1 ' ** ch - * nickel or platinum- 

ZTT^T C ° mPOUIld ' ° r " containing both nickel 

and platinum, or any other suitable catalytic material. 

Ht\fl4xmrk«\icecp\speci\HAC technologies - „ . 
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Z co^iZ 'I iaCOming heat6d « optionally 

xn combination with other gases, fuel or the like, in the 
probity of the catalytic me tal surface so as to 
catalytically decompose the steam to form a hydrogen- 
containing gas and other materials, m one embodiment, a 
supply of air 14 is introduced into reformer 10 as is a 

Include T 0rmer fUSl " * *™^y> the reformer may 
include a plasma device or plasma arc" or similar for 
decomposing or cracking the steam and/or other gases 
and/or fuel into hydrogen and the other components. 

Along with hydrogen being produced in the hydrogen 
0ea ™! tW ~ — nts can also be produce*. 
_ TyPi " a — «*" of other materials produced in the 
gaseous- mixture or blend include nitrogen, carbon dioxide 
15 carbon monoxide, methane, ethanol, hydrocarbons or tnT 

refJT* To* 60 " 8 " " ±S di ^ged from the 

reformer 10 at a temperature of about 600°c, whereupon it 
is passed through a first or ^ ^ P " 

■?n ■ rst or 8181,1 »eat exchanger 20, where 

20 heat *s extracted so as to reduce the temperature of ^ 
gas mxxture or blend to about 200°c. Optionally, the gas 
blend is passed to a second or auxiliary heat exchanger 22 
where further heat is extracted so as to reduce the 
temperature of the gas blend even further to below about 

about sTc T d SlOW ab ° Ut 10 °° C ' »— — » ^!ow 

t:i 5 i c ; bieiTsTeruirr 24 - — 

«r .i«« vTT - returaed to a w ater supply vessel. 26 
or simxlar whxch in turn is passed through a third heat 

Osteal f Steam 8UPPly t0 the « as 

the steam supply i 2 to assist: in the effici o£ 

operation of the hydrogen generator. 

fir^T/* 8 blSnd ^ " aW at 2 °°° C is ^ssed to a 

first inlet 22 of engine 34. Air 36 is admitted to the 

engine 34 through inlet 32 as well. Xn one embodiment, 

the reformate gas 18 is introduced to the air supply line 

38 through inlet 40 where, it is mixed with the incoming 

Mi \mbourke\Koop\speol\Hfic . Rotoraato „„„„ 
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Hi I*,?*'** bei " a lBt "*»«» ***<> engine 3, throush 
inlet 32. Fuel, in the form o£ diesel or similar, £ 

ite 1 : « ^ en3i ° e M • ^ion 

inlet 42. The gaseous blend containing hydrooen ■ 

and the fuel is »ixed within the engine "* 

combustxon, thereby allowing operation of the engine 

After combustion, the coasted products are a 1" 

f^engine 34 through exhaust stream 44 as ^thaust 

in one embodiment, the heated exhaust gases in 
exhaust stream 44 are passed to heat exchanger 28 "here 
heat is transferred to the incoming water supply 3 f to 
form steam for suppXy as the steam 1 2 to JZ^L 10 
cooled exhaust gases are then vented to atmosphere as 
cooled exhaust gas stream 46. * 

A further embodiment of the . 

- . . °* cne Present invention is 

shown in Ficmra ? . . n 16 

Provided. " mJJtln3 — «« - is 

in the embodiment shown in Fi^ J, «,„ salne 



The 



This system is the same as that described with 
25 respect to that illustrated in Figure 1 anJ * \ 
an additional mixing chamber oJrZZ «n 

alar , . ^^ er or miXe2r 60 connected to the 

~PPly line 38 of engine 34. i» this 
embodiment, the reformate stream containing hydrogen and 
other components is conveyed from W- Z & aBd 

30 first l»i«r- « * • , at ^^aager 22 to a 
nrsc inlet 62 of mixing chamber or « 

it:*: r* int ° — 

TZT T 38 *~ through inlet 

« into mixer ... A further supply llne „ is pr ^ St 

for applying a mixture of methanol and watar 68 J < 
■5 through inlet 70. W of the oomponentaTthe « 
^ «' — — -ttaol 68 and any otner 

■naterrale are nim* in «i».r 5 „ before ^/JroLed 

B. \tabourra\Kees\speoUHxc eechnolooi.n . . 
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into engine 34 throuoh inlet f> * 

. m . . Uffn inlet 72 f o^ mixing with fuel 42 
prior to Coni b„ etioil to operafce « 

introduced at a constant velocity. 

in a still further embodiment o* 
method «f «-t^ " nent of fche apparatus and 

mecnoa of the present invention th a -> 

provided with suit*Ki entxon ' the hydrogen generator is 

ea witn suxtable control means for adjustinc th« 
operating conditions so «. „ J Clng the 

Predetermine Produce preselected or 

predetermined amounts of each of the components of the 
hydrogen gas, blend or mixture. The ratLs 11 u 
individual components can be adjusted to L ^ZlT 
desired amounts or ratios. 

The advances, of the present Invention is that pure 

sreat .avi^IT^ ^sort 'anT" 10 "- ^ <° ' 

is -stilted that savin,. or np to 50 tiL 12 ZllJ, 

:e:~ i :r^r:::; 1 8 i :: z\rrr i - 

. . WAiea to ™ engine in 

combination with the. hydrogen in a single feed 1± M 
through a single inlet. liae ° r 

In some embodiments of the B r«... . 
hv4j __- „ cne Present invention, the 

Hydrogen gas can be fed direct l v a.^. 

-ample, a mixer component, such as for 

the JT ther adVaatage ° f the P~« invention is that 
the hydrogen generator can be operated under a wide 
variety of different conditions to « * 

of 0118 to Produce a wide variety 

«>f different amounts and combination ~ V 

ewinawons of components in the 
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gas blend or mixture la accordance wAm, 

accordance with the size * ^ ' in 

sxze, type and speed of tie 
compression engine. tae 

- ::::: ±ttjlt jtl^ztt ta — 

departing £ro » theTpirlt alT ^ " ith ° U,: 
includes „ eiy - J^JTJT*" ° £ **" *— 
featura. ZcXo^a "* ^ «- - 

Those skilled in the art n 
invention deaorihad he „ ln ~" appreciate that the 

and -odLlcationa other than too! *»*i.tio»e 
xt i. uad,™ that th^^^lTar^T^- 
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